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(57) Abstract: A solid-state imaging device 
having a widened dynamic range while 
maititauiing a high sensitivity and a high 
S/N ratio, a liae sensor, an optical sensor, 
and a method for operating a solid-state 
imaging device adopted so as to widen the 
dynamic range of the soHd- state imaging 
device while maintaining a high sensitivity 
and a high S/N ratio are disclosed. The 
solid-state imaging device is composed of 
an array of integrated pixels each of which 
comprises a photodiode (PD) for generating 
optical charges on receiving light, a transfer 
transistor (Trl) for transferring the optical 
charges, and a storage capacitive element 
(Cs) connected to the photodiode (PD) at 
least through the transfer transistor (Trl) 
and serving to store the optical charges 
overflowing from the photodiode (PD) at 
least through the transfer transistor (Trl) 
during storage operation. 
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[0053] ^t^, #aB#r^T (Dr^,:7^^^V:^-KPD{^^oV^T^j^^$tb§5fem#^#«i- 

LT 

§o-<?:>^^>0 ^-ov^-c{*(+a)2p^5L^b-cc tc m(DmM^i^'r^^cTi,fx 

T PD FD 

PD PD 
PD PD PD 

PD FD S FD cs 

PD T 

'rii^^rifhtifcmm^m^mx.xytmMif)^c Tb^hmn. :L(Dmm(Dc +c izm 

PD FD s 

PD 
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PD PD FD S FD CS PD 

PD PD FD S FD CS 

PD 

PD FD S 

04-2}*. c ^5|§^pLT*5«9. c Km^mm^Q Hi^^mu c tc Kmmnm 

PD PD B FD S 

A 

[0055] ^tc. ^a^r^T (Dmrm\^<]> ^(+a)m^*^homzmi^.^hi^<}> ^oHtv 

LT T S 

FD S 

R FD 



[0056] Nf^Jt ^;l*DV^T. * ^oHtL-XV'^iyh^mr\^tcm^iM.m5-lK^ir 

2 R 

FD FD 

[0057] ^fC, (i, ^on^UT. El5-2fC^i-j;5(-. C ^(D|&fPtff«#Q f^^i^i" 

T PD B FD 

PD FD PD 

fj:^x\^^(DX\ c ^Kh^f^mnmmmQ ^^xc K^mir^^^mM^m 

PD B FD 

3 T FD B 
1 FD 

11 T 

[0058] ^{cl, 4> ^on^b. ^V>T<f) ^on^i-§r^-T?C (Z)7K7"^:>'-r/V'^M'o'$-l3r> 

S T FD S 

FD B S A 

ii-c% B#^!iT izm^X(}> ^ofmmu c +c iz.^7!)^:5m^mmMQ +mm 

4 T FD S B 

^mMQ ;e)^bl&fPtuS#ft-^s ^iil&fpS#fB-^s (Z)fp(Dft-i-^^^mi-o 

A 1 2 

FD S FD S 

-cv^§^^^^^, mm\^B^ti:^ti^<Dits ' +S * +N (S '^S '{^^tV^^tLC tc 

12 2 12 FD 
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S 12 T 

[0059] ±ee,(DXoK(l> ^off. <^. ^ontl.ft^m'C 4> ^ontVX. ^(Dy^—zV}^-^ 

T S R 

^C/c3fem#^^-Ci^mL-Cyir5/hb-C*5i: (1115-4) . ^(0:7^— /vK--^^oTV n 

<o 

[0060] Ji|B<Z)«^<DSm^TWt^l^l^^LfcCMOS^p<— 

(iEi®_h«ft^L-c4^ii) oH?^ (Pixel) ^^Tu^m^mu^tixm. 

T S R X 

(Pixel) ;O^^>fi.?iJiy7Mxv?;^^SR"*Dj;tJ?ra9-r^(0 , * , <f) 

Sl+Nl Nl 

. . 0 )-c^J#$ti..-h^(^J:5(->l&fPttfm#fi-^(s)+c y-fX(N).c 

Sl*+S2*+N2 N2 1 FD 1 

FD 1 1 2 

) + C +C y^X(N ) *D J: W +C y^X(N ) (D4o(D{e^^-^;fb'€;^b(D>5^^^^^^ 

FD S 2 FD S 2 

i&fptuS#fB-^(s ) +c y-rx(N ) y-rx(N ) (D#t±i;^j«$p5^cT 

1 FD 1 FD 1 

a 

b 

[0061] m7i^.±m(Dx^Kmtj^tircm^ammMit'^is)+c y-rx(N).c y-rx( 

1 FD 1 FD 

N).mm^fvtim^mmmis^(.s ')+^m^nfcmm^m,mm^(s ')+c 

1 1 2 FD 

+ c y^x {N)^xxfc + c (n ) (D4o(oft-^co^s^fT5 tms^-efeSo 

s 2 FD s 2 

±tB(Dtiivfj;?)^^,. ta^Ptif«#ft-^(s ) +c y-fX(N ) i:c y-fX(N ) ^^mr 

1 FD 1 FD 1 

lyy'DCUzA^bX^. ^tih<Dm^^M^^txc y-rx (n ) ^^^^^-fe/vL. mam 

FD 1 

S#fi#(s );5s#^>ti.ao l&^Pttf«#fB-^(s ){*. l^^g^c^s:cT^{tbtL6A/D 

1 1 
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1 2 

+ C 7-fX(N ) tC +C y-fX(N ) ^mmTl^^T:>C2\Z.Xti\^. ^tltb(Dm^^ 

FD S 2 FD S 2 

FD S 2 FD S 

1 

m'^tmM^nmt^(^^ii(s +s)m^hn^o s ' +s ' +n m-^^N ft-^f*. 

12 12 2 2 

[0062] r^-e. m3-l—m3-3<D^4V^^^^—U^^'rX^iZ^ C +C y^X(N ) itm 

FD S 2 

[0063] ±m(Dmm^tifcmammmt'^ (s ' ) + ^ss^ttfci^isfam^ft ^ (s ' ) 

1 2 

s \ s \ a (c ^^hc +c -^com#5>iait)*5j;t;?j3 (c ^a^^c +c -^(d^ 

1 2 FD FD S S FD S 

[0064] S '=S X a (1) 

1 1 

S '=S X a X )3 (2) 

2 2 

a=C /{C +C) (3) 

FD FD S 

^=C/{C +C) (4) 

S FD S 

[0065] %^X. C tC (D^fi:;0^^>_h|E^(3)*Dj;U?(4) j;«9 a *5j;U?i3 ^^Js^). ^tb^_hWB 

FD S 

^(l)*5J:-a?(2)(c:'ftA-r^^i!-e. S +S KmT^U Simm#$ttfcS ^|^C'^V>' 

1 2 1 

[0066] ^fc, ll|7t^^i-J;5(-. _hfB(Dj;5i-#^ti-fcS tS +S (Dif^^>;e)^— ;^^j1|RL 

112 

1 0 

1 1 2 

CT. S i:S +S (DHibh^^:dm^^tixmtl^n^o mmm^V {i:7;^hi5?V:^— k 

112 0 
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10 10 

1 

10 10 

}^'pr>iimnL-x\^^^tmm^n. s +s ^m^^n^o 

1 2 

[0067] mx.\-£. ;i(DtH;fj*-e^CMOS^^— i^■fe>'i^^5/:/CH_h^;l?l^^b, ^tbr^-:/ 

iirT. ^ae)^lll^c7)T^:/(;ij;«9±ii|'SL-C*5<^^;6W^bv \ 

S +S )(D2o(Dft^^5#t)ix§^i:(3:/.e«9. ^|^f^:7;^h^V:^— KPD(C ):dm^ 

1 2 PD 

1 1 2 

[0069] lll8-i{*_h|B(DJ;5f-bT^»c ^fflv^fc^#^;I#fet^.S«##:^>(=i>i^i-3fe»^-^ 

FD 

l^Xy'u^yhl.fc.mXh'O. mfift^S i^^B^i-^o — |2|8-2{*^MC +C ^ 

1 FD S 

1 

+S Km^ir^o 

2 

mx.it^ mmmacv mx.m. 3v)t\.x^ ^tixy)i&mmmxi'im8-ix^:^fi 

0 

1 1 2 

1 

1 2 1 

FD 
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FD S 12 

FD 

0 FD FD 

s 1 

s +s ^fflv>Tt>. ^IMf^j'cev^ 

1 2 

[0070] 08-3}*, ms-iK^irmMc ^m\^^fct^(D:7ti—T^:y^^i^(Dm}±^^M 

FD 

FD FD S 

FD S 

FD S S 

FD 

:^^^:7C0ft-^S MV>. O. 3V^mx.^mmmmXi^. C +C ^^*bfci^9:7(D 

1 FD S 

ft-^s +s ^^:-Kl'9#x.Tfflv^^o 

1 2 

#fi-^O^P (S + S ) (D2oOft-S-3?)^fe. :7;j-h^^:^— KPD (C ) ;OS|S?PbTV ^?fc^t 

1 2 PD 

1 

fi-^(D^p(s +s )^^ffi-r^o 

1 2 

1 

^^^•^/v\^xm^m^(mammmt^tmmmmMin'^(Dmis +s ))fc:j;t9. 

1 2 

[0072] ;2^^jfe?i^ig(DCMos-fp<— v^-fe>-i^fi. ±m(Dx^{cj&m&m(Dm&^Tif'ri^ 
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FD S 

[0073] m2mmMm 

[0074] m9-2\-i:^MM^M<DCMOS-{}^—i^'^:y'f-(Dil^(DM<Dim^'^<D^iS5B 

^mx:h^o mmmmi(Dm^m^mtmmxh^ii^. mmh9^^i>:^^TTU 

h7>-v'^^Tr2, ll±-yhVyl^i^y^^TT3. Jti|iMh7>'v';^^Tr4, ilfXh^^v^^i^^TrS 

mut\^xpm^m\^fcm^tf:t^ic0Mxh^o 
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[0075] m<Dm^i^miMmMmi^^^cMos4?^—i^^>'\)-tmm(Dm)^tir^^t^^x- 

[0076] ma^lifefl^tg 

VI V2 

:^^Trl^^VXmm^tlX\^ 

s 

w^^^m^ccr>iKX'omm\^xcciD<DmW}Kxvm^mu -Jf. mm&m<D 

s s 

^^^m^ccr>2(DmW}Kx^^(D^^m^mirh(Dx^^o 
mmi^tLmmmM(7)mmmw'^^^ti'ethm^mir-tx\ mmmmi^jx^^-r 
[0077] mio-2\^^mM^m(DccD^^—i^±>^(Dm(Dm(Dimm^(Dmis5m^mx 
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s 

[0078] m4mmmm 

s 

■^ntzMmx^^o 

^vi^^Jit^mmx^^o mz.^ '7^v^^:t—WT>(Dmw75:mK^\^x\-t^ m^m 

\t^tmmmt^^u^^^^tKx.K)s/^^\^Ai^^^^ti)^x^^. 

s 

^(Dx.^\z.nmMm\^fi:i)^h\^ts'r^^tx^ mmmMmmmx^. jk^v^^^^ 

s 
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s s 

s 

s 

[0081] ;^SIM?1^^f;i'^§CMOS^p<— i;?-fe■>'i^}*. _hlE(D«^(D®^;$5TWJ|^l^^^ 

f®A^$tLT*5«9. ^®l^^^^3v^T. um^y^y^y^^Txi. #Sh7^v^;^^Tr2. y 

T S R 

X 

^gf^h^^-v^^^^Trs. ra9-r^0 ^cov^-c{*. m^cDMJR, 

X 

S 

PD 

S FD s 
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Ell4-l{^, Igtb^-Y^C* ,0,0 ) fcl^^jp-r^mff^. on/off (D22p{i, 0 

T S R T 

T 

[0084] 11115-1— |l|15-3*5j;U?|gi6-l—Ell6-3}*i5'^^>'i/^-Y—b<^#^-f^ 

[0085] ^-f , lo(D7^— /VK(lF)cD^^^«9tC:j3V>-r. 0 ^off, 0 ^on^bfc)l^^-e 0 

T S R 

0 ^offiri-^o 

R 

S FD S 

i:/^o-c*3«9. y■fe5/^[i:^^cfiy^r5/hlbf^^^#5v^:b^^akTcy^X;elSc +c 

FD S 

FD S 2 

[0086] #^^r^T (Dm^'7^Y^^:t—Y¥mzim^x^)^^fh^%mm-^^m^ 

LT 

Soi(^^^^<^> K^\^x\-t{+ a)miLt\.xc tc m<DmM^^'r^^KTi>fx 

T PD FD 



o 



PD PD 
T 

PD FD S 

PD 

PD FD S 
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PD PD B FD S 

A 

[0087] #^^r^T (DmrmK<i> ^(+ a)mm^hoHKmi^.^hKmMiT 

LT T 2 

S FD S 

A FD S Al A2 

Al FD 1 



[0088] ^f^, <i) ^on^bT. Ell6-l^^^i-J;5^-^ c ^(D^^umMMQ^c {z^mv 

T PD B FD 

FD Al 
PD FD PD 

PD B FD 

3 T FD B 

1 FD B Al 

11 T 

off (^Mi-ffrt^iKll^^bTv 

[0089] ^t^, 0 ^oni:b.^V^-C<^) ^onir-T^rir-ec i:C (JD^^^T^^v^^/V^^g-a-^-l^r, 

S T FD S 

FD B Al 

S A2 Al 

A2 A FD S 

B A 

^^-C. ^^JT K^\,^X(t> ^oHKMU C +C K)t:^^^m^WsnMQ +ailM 

4 T FD S B 

fpm#Q ;6^^>isfpttfm#ft-^s ^ai§tMfpm#ft-^s (^^pcoft-^^f^^mt-o 

A 1 2 

FD S FD S 

-cv^sr^^ei^^. mmi^U^td^th^<Dns ' +s ' +N (s '^s ' {i-etv-^^ti/C 

12 2 12 FD 

(DmMitmi^x-oxm^b^m^titis ts (Dimtfs^^o 016-2}*, <t> ^omcm 

S 12 T 

[0090] J^±-eio(D:7^— /kK(lF);6S;^Tb. ^(0:7^— /vKt;i#oT. 0 ^off. <t> 

T S 
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R 

[0091] _h|B(DJ;5(-bT#fc4o<Dfa-^N , N , S +N , S ' +S ' +N ^^h. ^iMMM 

2 1111 2 2 

1 

1 2 

2 

2 

2 2 

2 

[0093] llll4-2f;i^i-^^5>^i/^-¥— hf-t^§oT!ig»$iir^r^^5-e#;5o HP-^^ Ell 

T 

PD 

[0094] lEI 1 7«^|| W^||(DCMOS (^*5V ^T. ^^M^^^*^^ 

s 

s 
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[0095] :^mmMm<DCMos4?i—z^±>'^iz.^ni-£^ miMMMmtmmi^. ^ti^tiy 

1 

>ft^(7)^(S +S)(D2o(Dft^d^fe, :7;^-h^V:^— KPD(C )iffiim}A\^X\^fmfl 

1 2 PD 

1 

-^(Z)fp(s +s )^^ffli-§o 

1 2 

1 

hm.fi^^mm^^mm-mm^\z.xy)mwx^xz.fh^m?^n. ±MmWi^My<^ 

1 2 

mimm%(Dm&^Ai\fxfX^^^^^y^u>i>it^mu^t\ mmM^^mnm^^h 
fhx\ ^^wmt^h±jifti:\ ^(Dxm^(D^^—^J'-^^^-^(DwmitKn)^<ir^z.t^^x^ 

FD S 

[0097] memm^.m 



wo 2005/083790 



36 



PCT/JP2005/003193 



cMos^r>'i^-e$)5o 

m^^^mmum20(Dm^20a^^hmM<Dmm^mm\^x^ pm^^^i^i KDmmi^ 
nm^tixv^^o 

[0098] ^—hnu3otm^i7^MB^^20(Dm<Dpm^^/i^ii(DmMi^. 

mmFntfJ:^nm^^mi^nml5i!)mm^fhx\^^onm^^mw^mml5n^mm 

<Di^^^^hi&MM^¥i!^Mi^l5am~i^fcl.X\^^^. V^:b^^^LDD (lightly Doped 
Drain) «5t^^.eoT*5«9 . ^^^5^il^»j|^20<DiS§|520aM*3 J;t;^^<f -hm«30 

[0099] '^^-hm«30. n S^^#:^:^15*Dj;rJ?*^^^^i^^il^20/.^^^M^bT^^b 

h;e»s^ p$ti.T*3«9. =i>'^^h<Dm^xh^nm^mi^mi^i5<D±mi^. tisub 
'Ti^-:f^^A3f)mm^fhx\^^o ■^h\z.^i^^::^'ri^-^9^A3\z.mm\^xm^mmm 
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[0100] Ell8-l^^^i-fllat?^*-r§cMos-fe>'i^-ef^. i.ocosm^^mBim^20(D 

o 

[0101] m 18-2*5 J;U5|gi8-3{*, |l|18-l(c:^i-CMOS■fe•>'i^(DM3aX@^^i-ifffi 

7^1^. mx.i^mm^tm{cx<opm^^/i^ii(Dmmc^—hmmm23^nmu ^— 
vmm3o^^<^—>j^^m\^x.^—Ymm^^xim^^^mmum20(D^^—:X}f—^ 

[0102] 7x\^. mi8-3{z.^-rxD{c^ mK.i^cv-D{^t'^mB)^^)mti:t^cx'o^m{^m 

^il*6^il^20^M«i-6J;5^cC^-^^->^-ei/v^;^hJI^PR^?i^^i-6o 
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:^^<^yi^V:^^m^i:}fKX^. =t^^i^hJS$P(c:TiSiS (fe§V^{^TiJg)41^?^^^U 

[0104] i^'mmMm(DCMos-^>'-^\z.i.fi\-t^ ±M(D^'mmmmtmm^. MmmM\z. 
[0105] mimmMm 

T 

i-§^i!^<e<. on/of f(D2^fi(D^T\ «#(Z)^^B#tz:*5V>T:7;rh^V:^— K;5^^ 
MOS-fe>'i^-efe6o 

[0106] 019-l:^oJ;U?|gl9-2^c:^i-CMOS-fe>'i^{^, ^5l^h^>'v^;?^i5?:d5, teMh^^'v? 

s 
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T 

[0108] mi9-2i'i,:$:MMMMK^^CMOS±l^'f-(D—m(DWTMMXh'0. iai9-l<DC 

T 

(+ a)X^i-mi^L^WlJ\\l.t^<Xh. m^(Dyi^'T>iy^/i^^n^:Lt:d^X^^ «#<Z) 
[0109] 02O-l:^oJ;U?|g2O-2^c:^i-CMOS-fe>'i^{^, ^5l^h^>'v^Xi5?:d5, ^Mh^^'v? 

m]:^mmmxh^^mmh9>i^:^^(D^<>^:^/^-(Dmm^^m'r^^mi^m^^ 
[Olio] 020-1 ^mMMmKm^cMos'^>-f-(D—m(Dmmmxh^. ^^v^^^ 

— KPD, te3l^h7^v^;^i5^Trl. yti—T^ly^^mi^FU, #Sh9^v^;^^Tr2(D$R^ 
s 

^^-e. mmh9^^i^:^^Tri(D^—hmm30(Drm^^n^wfm(Dm^(Dmm^ 
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T 

[0111] :^MMMMK^^CMOS±l^'f-(D—m(DWTMMXh'0. 020-1(750 

-cv^5o ^mm^micm^x\-i^ nm^^mi$^mm52^\ :^hic:7u—y'^iy^mm<D 

T:^iz-^xmi^l^xm0.^tix\ 

w?>c.PAi!7fe>9. Hgtb^-Y^- (f. 13103-1 CO (+ a ) Xmirmi<n^WMl.^j:<X'h. M 

T 

M(Dm^m^m^x:7::i-h^'^:t—}'^f)^hi^n^mw^^-^>'^:^^^--^-^xyvi—y^ 

[0112] ms^lifefl^^B 

[0113] ^«^*^^^b-c. i^^:yi^iyB>mwm5§^mm^^mK.fcm^. 

[0114] ■:fi—^mwmmmm^xn. mAmmm(7)mmm'j-^mm^mmi-^ 
m:d^7nmnmtwtmvf^t^.mmm^m(DUP^(Dmn.mTi^3. 9X4. sfF/jum' 

. WM^f)^7. 9X9. 9iF/ n m\ mMMfi^20X25iF/ nxa. mMMi>^^0XQ3l 
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^it^^V^l^iWM^S. 9)(Dm. MitiyV^^^ifnlT. 9).TaO (11120—30) . Hf 

2 5 

O (IIl30).ZrO (IIl30).RaO (III40— 50)@S(DV^t>^^^High-kW3|S^^fflV^ 

2 2 2 3 

[0115] ^hK. ^^mm^m\i^xm^m<D^-^ir^mm^^iz^m^j::^^iy^m^hu> 

-e 1 eodB^jg RTt^-efeSo 
[0116] ja^t^Tt-. ;^^Wffi-eM-e#^#^^fi#^^(D'^[I^^-ro 

m2i-iitmimm^mtmm(D^'^—^mMoswm^Mm^<Dmmmxh^o 

s 

m*^^^§p'M^^f*fJ:^i7^.p'M¥^f*«i7Ji(;iff^;^fe$tbfci^^t:iyy='^/(D 

[0117] E|21-2{*>^W— ■^MMOS*Dj;U?i;^^^:^^:y3>'M<^#^^*^^^(DifBll|-efe 

•So 

0tlx.f^\nM^##:S^lOt;i?l^^$tL/cpM!^in7HlCD^JB§|55^t;iT§l3m«^^ce 

32;^S^^j^$ti'T. #«^S*^^C ;6S«j^$tLTV^§o ^(D^^. ±nWm32ia~i 

s 

[0118] m22-i(DmmmK^i-w^^Mm^i'i.M2i-itm^<D:/u—'rmMosw^ 

2 5 

[0119] Bl22-2(Difffill|{;i*i-#^^»5^^^{*ll|21-2^lKl#<:0:7^1/~^MMOS*3j; 
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[0120] EI23-1 i^::^^^y^mwmm^&m^<7)mmm'ch^o 

[0121] m23-2imnM^(D^^^y^m^m^Mm^(Dmmmx-^^o 

K^m^tifc\^WiM^(DTunM37at. Bm^(DTumm37a(D^mm±ic 

M)^^thfcmAmmm25t. rnimm37acoF]n<D\^m<DWj^^mi^72:,ts-x5K 
mmmmm25^^L^x^)^^tifc±^mm38at^^ir^m)^xh^o 

o 

p^mnm(Dr^mm37atr^mm37a(Di^m(D[Hm(D^^^^m^7Lt^XD\z.M 
m.^nfc±^mm38a(Dmmt. mm<Dy^^^y^mxv)hBnmmi^'^-^ir^M\^m 

[0122] m25-mh^y>^mwm^Mm^(Dmmmxh^o 

m^tix^y). hu:y^TC(D ff%mKM)^^titir^mmtfj:^nm^mi^mm8t 
. hi^:y=^Tc<D\Hm^^mvxnm^nfcmAmmm25t. mAmmm25^^]^x 
h\^^^^Tc^misbjz,/wx^m^thf:L±^mM4ot^mir^mmx:k>^o 

[0123] 025-2 {*>^-V^^ v-3 :/^^-f-§ h mm 0 "Cfe^o 
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[0124] m2Q-i\tv\yi^^m^mMmm^<Dmmmx^^o 

nm^mPfW^io(D^m^:^;^^ii^nM\^xnmwm^^^i:dv\yiy^Tci)m 

m.^fix^K). v^y^^^TC(D^^u&(Dm^^^hm\^mM\^i5^^x^ ^(Dp^mi^n^ 

tifcmmmum25t^ mmmum25^^vxh}^>^Tc^m}^j2^A^xm^:^titi 

[0125] m26-2nhu>^mwm^Mm^<Dmmmxh^o 

nm^mi^Mmio(Dpm^^/^ii^nmvxnmmmKmir^x^hui^^TC7:)^M 

. hui^^TC(DiHm^mmi^xj^m^titimmmmm25t. mmmmm25^^]^x 
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